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VECTORS AND METHODS FOR TISSUE SPECIFIC SYNTHESIS OF 
PROTEIN IN EGGS OF TRANSGENIC HENS 

RELATED APPUCATIONS 

This application is a continuatiorHn-part of U.S. Application Serial No 
60/019,641. entttled "Vedor For Expression Of P^teins Into Eggs Of Transgenic 
Hens."filed June 12. 1996. 

FIELD OF THE INVENTION 

The present invention relates generally to vectors and methods for 
.ntroducing genetic material irrto an emlyyo of a chicken and other avian species 
10 and. more particularly, to vectors and methods for transferring a gene of interest to 
an emtKyonic chicken ceB. so as to create a transgenk: hen having the gene of 
.merest expressed in the hen's oviduct and the gene product secreted in the hen s 
eggs and/or those of her offspring. 

BACKGROUND OF THE INVENTION 

15 Since the development of recombinant DMA technology some twenty-five 

years ago. the prospect of producing proteins on a large scale, rather than extracting 
them from tissue <i.rhere they are naturally expressed, has become a reality In 
partfeular. over the. last decades, progress in the development of expresston 
vectors has led to the production of thousands of recombinant proteins on a 
20 laboratory scale. Production of commercial quantities of recombinarrt proteins 
requires often («fficult and expensive scaling up procedures, but has nonetheless 
also been successful. In addition, transgenic animals irKduding mice, rabbits pigs 
sheep, goats and cows have been engineered to produce human phamiaceuticals 
.n Iheirfssues orsecretions. Houdebine, L.M.. J. Biotechnology 34:269-287 (1994) 
25 Although egg white is thought to be an excellent host for recombinant protein 

productron, preparing transgenic avians has proven to be technically difficuH due in 
large part to problems Involved in manipulating the chfcken embryo When 
ov.posrtk,n occurs, the embryo has already reached a stage corresponding to a 
mammal.an late blastula or early gastnila. Genetic manipulation of the embryo 
30 dunng eariier development requires reintroduction to the female or in vitro culture 
both difficult procedures. Houdebine. LM.. J. Bioted^nology 34:269-287 (1994)' 
Despite these difficulties, transgenic chickens have been produced that are resistant 
to infection by avian leukosis (Crittenden and Salter. Transgen« Livestock Models 
in Medidne And Agriculture" pp. 73-87 (WIey-Liss (1.990))). or have high levels of 
35 arculating growth homione. Bosselman. R.A.. et al.. Sconce 243:533-535 (1989) 
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Four general methods for generating transgenic avians have been reported 
One method irivoives exdsion of a developing egg from the oviduct, microinjection 
of DMA near the blastoderm, and in vitro culture of the manipulated emb,yo in 
solution and surrogate shells. Love. J., et al.. fl/6fec/,no/ogy 12:60-63 (1994) a 
5 second method requires the culture and transfection of primordial gem, cells with 
subsequent transplantation into an irradiated recipient near the same stage of 
development as the donor. Carsience et al.. Development 117:669^75 (1993)- 
Etches et al.. Poultry Science 72:882-889 (1993). Although technically very 
demanding, these two approaches are attractive because large pieces of DMA can 
10 be transferred. 

A third method im^olves blind injection of replication competent retrovims with 
a needle near the blastodemi of a newly laid egg. Petropoulos. C.J.. et al / Virol. 
65:3728-3737 (1991). Although this method Is the Simplest, it is also limited in that 
the DNA to be transferred must be approximately 2 kb or less in size and the 
15 method results in viremic hens which shed infective recombinant retrovirus. 
Petropoulos. C.J., et al.. J. Virol. 66(5):3391-3397 (1992). 

The fourth method involves a replication-defective retroviral vector system 
(see. e.g.. U.S. Patent Nos. 5.162,215 and 4,650.764. hereby incorporated by 
reference). One of these systems (Watanabe and Temin. Mol. Cell Biol 

20 3(12):2241-2249 (1983)) has been derived from the reticuloendotheliosis virus type 
A (REV-A). Sevoian et al.. Avian Dis. 8:336-347 (1964). Replication-defective 
retroviral vectors derived from the REV-A virus are based on the helper cell line C3 
(Watanabe andTemin. Mol. Cell. Bid. 3(12):2241-2249 (1983)) which contains the 
components of a packaging defective helper provirus. The derivation of the C3 

25 helping line and several replication-defective retroviral vectors have been described 
in detail in U.S. Patent No. 4.650.764 and Wiitanabe and Temm. Mol. Cell Biol 
3(12):2241.2249 (1983). This method is more technically demanding than the 
rephcatwn competent technkjue in that the blastodem, must be exposed, and 
microinjecttoPgquipment must be used. Bosselman. R A. et al.. Science 243 533- 

30 535 (1989). Nonetheless, it results in transgenic hens free of replication competent 
retrovirus, and can transfer DNA as large as 8 kb in size. 

Tissue specific expression of a foreign gene in a transgenic chicken was 
achieved using the repUcation competent retrovinjs technique. Petropoulos CJ et 
al.. J. Virol. 66(6):3391.3397 (1992). A replication competent retrovirus was used 

35 to deliver the reporter gene chtoramphenicol acetyl transferase (CAT), driven by a 
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muscle specific promoter, o action, to skeletal muscle. Tissue speofie expression 
of a recombinant protein in the egg of a transgenic avian has not yet been 
successful. . 

It would thus be desirable to provide a vehicle and method, for transferring a 
5 gene to an embryonic chicken cell (or other avian species) so as to create a 
transgenic hen wherein the gene is expressed in a tissue specific manner. It would 
also be desirable to provide a vehicle and method for transferring a gene to an 
embryonic chicken cell, wherein the gene is expressed in the hen's oviduct and 
secretion of the gene product is in the hen's eggs. It wouM also be desirable to 
1 0 provide a vehicle and method for transferring a gene to an embryonic chicken cell, 
wherein the gene is expressed in the hen s oviduct and secretion of the gene 
product is in the hen's eggs without compromise to the hen's health and the health 
of other birds in contact with her. 

SUMMARY OF THE INVENTION 

1 5 Vectors and methods are provided for introducing genetic material into cells 

of a chicken or other avian species. More particularly, vectors and methods are 
provided for transferring a transgene to an embryonic chicken cell, so as to create 
a transgenic hen wherein the transgene is expressed in the hen's oviduct and the 
transgene product is secreted in the hen's eggs and/or those of her offspring. In a 

20 preferred embodiment, the transgene product is secreted in the egg wNte. 

In one embodiment, the vector comprises a portion of a retroviral genome, 
capable of transfecting a cell and 'ncapable of replication, i.e.. a replication-defective 
retroviral vector. The vector further comprises a transgene. operatively-linked to 
appropriate control elements such that the transgene may be expressed in a tissue 

25 specific manner. In one embodiment, the control elements include an enhanced 
promoter directing the expression of the transgene in the oviduct, an untranslated 
region 5' to the structural gene (coding region) of appropriate length and sequence 
to promote efficient translation, and a signal sequence directing the secretion of fhe 
transgene product in the egg white, in this embodiment, the promoter may be 

30 chosen, without limitation, from the group consisting of ovalbumin, lysozyme. 
conalbumiri and ovomucoid promoters, and comWnations thereof. In another 
embodiment, the control sequences include a promoter directing the expression of 
the transgene In the liver and a signal sequence directing the uptake and secretion 
of the transgene product Into the egg yolk. In this embodiment, the promoter may 
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be chosen, without limitation, from the group consisting of vitellogenin and 
apolipoprotein A promoters, and combinations thereof. 

The vectors of the present invention may be used in producing transgenic 
avians, particularly chickens, by methods known to those skilled in the art, such as 
5 the four methods described above (see. Background Of The Invention). For 
example, as described in U.S. Patent No. 5.162.215. herein incorporated by 
reference, the vectors may be used to introduce a nucleic ackl sequence, e.g.. a 
gene, into gem cells and stem cells of an embryo of a chfcken. In one embodiment, 
the vector is microinjected in a newly lakl chicken egg. in dose proximity to (e.g. 
10 directly beneath) the blastodemi. The egg is then sealed and incubated until the 
chicken is hatched from the egg. The transgenk: chicken is then tested for 
expression of the transgene and if positive and the chicken is female (hen), the eggs 
of the chicken are han/ested and the protein is isolated by methods known to those 
skilled in the art. If the chfcken is male (rooster), it can be bred to produce a female 
15 transgenic chicken whose- eggs may then be harvested. Transgenic avians and 
eggs, as well as methods of making transgenic avians and eggs, are thus provided. 

Other features and advantages of the present invention will become apparent 
from the following description and appended claims, taken In conjunction with the 
accompanying drawings 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

The various advantages of the present invention vrill become apparent to one 
skilled in the art by reading the following specification and subjoined claims and by 
referencing the following drawings in which: 

Figure 1 is a schematic illustrating the production of the vectors of the presem 
25 inventmn and methods of using same to produce transgenk: chfckens; 

Figure 2 is a schematte illustrating a preferred vector of the present invention: 

Figure 3 is a schematic illustrating construction of the retroviral and 
expression vectors of the present inventmn; 

Figure 4 is a schematic yiustrating the constmction of intermediate #1. 
30 pOVSV. 

Figure S is a schematic shovtring the constmction of intennediate #2. pSigl, 
Figure 6 is a schematic illustrating the constmction of intermediate #3. 
pSigPCR. 
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Figure 7 is a schematic showing the construction of intermediate #4, pUTR: 
Figure 8 is a schematic illustrating the construction of intermediate #5, 
pUTRAN. 

F^ure 9 is a schematic showing the construction of intermediate #6. pERE 

5 1\ 

Figure 10 is a schematic showing the construction of intermediate #7. pERE 
(note in Figure 10 that ant)ws are for orientation of the ERE sequence within the 
oligonucleotides, not the oligonucleotide ItselO; 

Figure 11 is a schematic illustrating the modified proviral vector; 

10 Figure 12 is a schematic illustrating the modification of the 3' end of the 

hygromycin B phosphotransferase gene; and 

Figure 13 Is a schematic showing the modification of the N-terminus of 
hygromycin B phosphotransferase gene. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Vectors and methods are provided for introducing genetic material Into cells 

of a chicken or other avian species. More particularly, vectors and methods are 
provided for transfemng a transgene to embryonic chicken cells, so as to create a 
transgenic hen wherein the transgene is expressed in the hen's oviduct and the 
transgene product is secreted in the ben*s eggs and/or those of her offspring. Figure 

20 1 is a schematic illustrating the methods of the present invention, including vector 
production and use to produce a transgenic chicken. 

In one embodiment, the vector comprises a portion of a retroviral genome, 
capable of transfeding a ceB and incapable of replication, /.e., a re plication -defective 
retroviral vector. Replication-defective retroviral vectors derived from the REV-A 

25 virus are preferred. The vector further comprises a gene of Interest also referred to 
herein as a transgene, operatively-linked to appropriate control elements such that 
the transgene product may be synthesized in a tissue specific n^nner. 

A schematic of a preferred expression vector of the present invention is set 
forth in Figure 2. It will be appreciated that the 3 kb /B-galactosidase gene shown 

30 in Figure 2 is merely a reporter gene and Is replaced with any transgene(s) or 
fragrtient thereof. For example a gene which encodes a blood clotting protein such 
as fVIII, may be employed. The transgene product or protein, is secreted in the egg 
and then isolated. Once purified, the protein may be used in pharmaceutical 
applications such as in the treatment of hemophilia. Other prefen^d genes include. 

35 without limitation, the genes encoding blood proteins including human semm albumin 
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defective retroviral vector for transgertesis. The preferred proviral vector is a 
derivative of plasmid pSW272. Emerman, M., el al., Cell 39:459-467 (1984); U.S. 
Patent No. 4.650.764. As described in U.S. Patent. No. 4.650.764. herein 
Incorporated by reference, cell Nnes have been constructed to complement these 
5 vectors and produce the viral proteins necessary to pacKage replication-defedive 
retroviral vectors. The packaged vector may infect a cell once, but is incapable itself 
of subsequent rounds of infection. 

The vectors of the present invention are particulariy useful in producing 
transgenic avians, particularty chickens, by methods known to those skilled In the art. 

10 For example, as described in U.S. Patent No. 5.162.215. herein incorporated by 
reference, the vectors may be used to introduce a nudeie acid sequence, e.g.. a 
gene, into ceUs of an embryo of a chicken. In one embodiment, the vector is 
microinjected In a newly laid chicken egg arrested at stage X (not generally more 
than seven days old. unincubated), in ctose proximity to. e.g.. directly underneath. 

IS the blastoderm. More specifieally, an opening about 5 mm In diameter is made in 
the side of the egg, nonnally by the use of a drilling tool fitted with an abrasive 
rotating tip which can drill a hole in the eggsheH without damaging the underlying 
shell metnbrane. The membrane is then cut out by use of a sca^l or 18 gauge 
needle and thumb forceps, so that a portion of the shell and membrane Is removed 

20 thereby exposing the embryo. The embryo is visualized by eye or with an optwal 
dissecting microscope with a 6X-50X magnification. A solution, usually tissue cuHure 
medium, containing the vector of the present invention, is mk^hjeeted Into an area 
beneath and around the blastoderm, using a mtoro-manipuiator and a very small 
diameter needle, preferably glass. 4^60 pM outer diameter at the tip. 1 mm outer 

25 diameter along it s length. The volume of solution for microinjection is preferably 
5-20 u\. Afler microinjection, the egg is sealed with sheU membrane and a sealing 
material, preferably glue or paraffin. The sealed egg is then incubated at 
approximately 38'C (99.5«F) for various time periods up to and including the time 
of hatching to allow nomial embfyo growth and development. DNA from embryos 

30 and from newly hatched chicks is tested for the presence of sequences from the 
miCToinjeded vector. The presence of the inserted sequences is detected by means 
known in the art and appropriate to the detection of the specific gene or if desirable, 
gene product if the gene or gene product, (.e., protein, is present, eggs from the 
transgenic chicken are collected and the protein isolated. 
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AS referred .0 herein, bv u« wm „, „ 
^r .r,^,,„e ,rensc,ip„„„ The ,e™ ^ ^ „.„ ^ 

"polypeptide- refere to an amino «M «a«n». 
prottm and fragments thereof. 

20 T^'>'"n."rep«cation..efectlve retroviral veaor „„„ . 

compnsng a portion of a ret™,,,, ^ 

iris l JT '*™ ■"'"^''-^ r.p.C.on^f.C^ 

•^■•«i'"»P««s"l'«ude5. without llmitatton. c(,lel»n 
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In order to more fully demonsfratP fhc . 

<*th,i™entl«,. '"~"'™""'«~"<'«>Wa«ononthe.cope 

' SPECIFIC EXAMPLE , . VECTOR CONSTRUCTKW 
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In an alternative embodiment, a oromoter u*,^ 
transaene in fh« . Pn>nioter which dnves expression of the 

iransgene in the liver IS employed, such as the uitoiu^^ • 
«5 nmm«»« ^ vitellogenin or apoiipoprotein A 

5 promoter, and combinations thereof Althouahs«»Pii«« • . ^ poproiem a 
verv ahunH»n» . • • ^ vitellogenin and apoiipoprotein A are 

ery abundant proteins .n the yolk, they are synthesized in the ,K,er and are then 
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etal.,A/octe<c>Ac«tfs/?esearc/7 7(2):321-334 M97<>\ ^ 

invention. « wID be aDDredat^rr^ 
30 en,p.oyed. *"~> - ^9ment 

3- Cqnfrtt/. Since the transgenic vector of the nrp<n«. 

retrovirus, the genome is RNA and a ir.„J . ' 
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titers of retrovirus Ofhpri„„ . ^'^ '^^'^'esis and result in low 
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4(4);749-754 (1984). A transcription tennination signal should not disrupt genome 
synthesis if placed in the opposite orientation, however, but may not benefit from the 
enhancing effect of a more proximal LTR in the retroviral vector. Therefore, both 
orientations of the expression vector with respect to the retroviral vector vvere 
5 constructed. Standard stop codons and the proven polyadenylation signal from the 
SV40 small T antigen are included 3* to the structural gene. 

Materials and Methods 
Introduction The ^-galactosidase gene together with transcription 
termination signals and the polyadenylation signal from the SV40 small T antigen are 

10 contained on a 3.5 kb Cla l-Xba I fragment of the expression vector pSV/?- 
galactosidase. purchased from Promega Inc. The ovalbumin promoter is contained 
on a 1 .7 kb Pst I Eco Rl fragment of the plasmid pOV1.7 (sequence in Helig. R.. et 
al.. J. Mot. Biol. 156:1-19 (1982). Genback accession # J00895 M24999). The SV40 
enhancer is contained on a 247 bp Nco I - Eco Rl fragment of the plasmid pCAT- 

15 enhancer, purchased from Promega Inc. All other DNAs In the constnjct were 
synthesized de novo. Figure 3 is a schematic illustrating the construction of the 
retroviral and expression vectors. 

Construcffon o/rnfemied/ate #f;pOV5V. The plasmid pOVI. 7 contains 
a Hind III site In the first intron of the ovalbumin gene, and a Pst I site 1.37 kb 5' to 

20 the cap site (see Figure 4). This 1 .6 kb Pst I Hind III fragment of pOVI .7 was joined 
to the Hind III and Nsi I sites of pSV^-galactosidase, (Nsi I has compatible ends with 
Pst I), resulting in a plasmid called pOVSV. shown in Figure 4. pOySV is the first 
of 8 intermediates generated to construct the most complex version of the vector. 
Construction of intermediate #2; pSIgl. A synthetic linker containing the 

25 nucleotide sequence encoding the signal peptide from chicken lysozyme was 
inserted into the Ssp Bl and Cla I sites of pOVSV as shown in Figure 5 The 
resulting plasmid is called pSigl. The nucleotide sequence is included in Figure 5. 
along with the amino acid sequence of the signal peptide and the start codon. 

CoMtrueHon of Intermediate #3; pSlgPCR. The plasmid pSig I contains 

30 und^irable deletions in the 3' end of the ovalbumin promoter and in the 5' end of 
the ^-galactosidase gene. The ^-galadosidase gene was restored using PCR. A 
3' primer was used that hybridizes 35 bp 3' to a unique Sac I site wHhin the gene. 
Its sequence and the design of the PCR are shown in Figure 6. The 5' primer 
hybridizes to the 5' end of the /?-galactosidase gene and contains a 17 base 5' 

35 overhang containing a unique Csp 45 I site and eight 5' nucleotides. Csp 45 I 
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digestion. since ligation of the second oligonucleotide obfiterates the unique Hind III 
site. 

Construction of intermediate MB; pUCERE. The plasmid pERE contains 
all elements of the expression vector except the SV40 enhancer. The SV40 
5 enhancer is contained on a 247 bp Eco Rl Nco I fragment of the plasmid pCAT- 
enhancer, available from Promega. pERE contains 3 Eco Rl sites and 2 Nco I sites, 
necessitating its subcloning into a vector which lacks these sites. 

The plasmid pUC18 contains only one Eco Rl sites and lacks an Nco I site 
aHogether. pUC18 was digested with Eco Rl and Bam HI (both in the multiple 

10 cloning site), blunted with Ktenow polymerase, and autoligated. Proper deletions 
were verified by Eco Rl - Sea I double digesUon. The modified vector is called 
pUCABE. and contains a unioue Xba I site useful in subdoning the constmct 
Subsequently, the 5 kb Xba I fragment of pERE. containing the constmct. was 
ligated into the modified vector at that site. This plasmid is called pUCERE. 

15 Construction ofpWMO. pUCERE contains Nco I and Eco Rl sites 5' to the 

EREs. and 3' to the Xba I site necessary for subcloning into the retroviral vector. It 
also contains an extra Eco Rl site within the /^galactosldase gene, which 
necessitates a partial digestion strategy. pUCERE was partially digested with Eco 
Rl. and the linear band isolated. This DNA was digested with Nco I. and the 8 kb 

20 fragment recovered from a low-melt gel. The 247 bp Eco Rl - Nco I fragment of 
pCAT-enhancer was isolated by standard means, and ligated to the pUCERE 
preparation. Proper recombinants were verified by Xba I - Bgl II double digestion. 
This plasmki is called pWVO. and contains aU etements of the transgene on a 5 kb 
Xba I fragment. 

25 Construction of pBCWM. pWMO and pSW272 both confer ampiciilin 

resistance to their hosts. To reduce the level of background plasmid when 
subcloning into the ampiciilin resistant REV vectors, the 5 kb insert of pWMO was 
Cloned into the unique Xba I site of pBCSK*. purchased from Stratagene (La Jolla. 
CA). whKh confers chloramphenicol resistance to its host. pWMO was digested with 

30 Xba I, and the 5 kb fragment isolated from a low melt gel. pBCSK+ was digested 
with Xba I. dephosphorylated. and purified on agarose. The vector and insert 
fragments were ligated together, and proper recombinants were verified by Xba I 
digest on cultures grown from colonies recovered from LB chloramphenicol (34 
//g/ml) plates. This plasmid contains the entire expression vector on a background 
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of Chloramphenicol resistance, ready for insertion into the replication defective 
retroviral vector 

SPECIFIC EXAMPLE 2 - RETROVIRAL VECTOR DESIGN 
AND CONSTRUCTION 
5 Retroviral Vector Design 

The plasmid pSW272 (Emerman and Temin. Cel, 39:459^67 (1984)) 
contains a deletion mutant of spleen necrosis vin.s (SNV). now the 
reticuloendothellosis vln.s (REV). The provirus «.thin the piasmid comprises the 
LTRs. the packaging sequence and thymidine kinase gene and its promoter as 
10 a selectable marker (or deteonination of viral titer. There ,s a unique Xba I site 5' 
to the thymkilne kinase promoter. ,n a previous study, the neomycin 
Phosphotransferase gene had been inserted in this vicinity (in a Hind III site) 
resultmg in a second construct pMEIIl (Emenran and Temin. Cell 39459^67 
(1984)) .^hich was used successfully to generate a transgenic chicken (Bosselman 
15 et al.. Saence 243:533-535 (1989)). In the same study, the gene encoding chicken 
growth homK,ne was ctoned into pSW272. and resulting transgenic chickens had 
significantly higherlevels of circulating growth honnone than nontransgenic controls 
PSW272 was modified to better sen* as a vehkde for the expression vector 

The goals in modifying the retroviral architecture include: replacement of the 
20 thymidine Wnase gene with the gene confemng resistance to hygromycin B (this 
eliminates the need for co-transfection. however, i, also requires remodeling the 
ends Of the hygromycin gene); elimination of the 5' promoter drMng the hygromycin 
gene, and its polyadenylation signal (this will provkle a more stable architecture)- 
and provide an Xba I site 3' to the hygromydn gene for insertion of the expresston 
25 vector. 

pSW272wasreconstructedlnlhreephase8. The first phase was the deletion 
of the herpes vims thymkJine kinase promoter and stmctural gene, and replacement 
wHh a synthetic Unker. This linker contains sites necessary for subsequent 
manipulations, including a unique Xba I site at the 3' end wWch altews insertion of 
30 the 5 kb expression construct contained in pBCWM. The second phase was the 
introduction of linkers at the 5' and 3' ends of the hygromycin- resistance gene that 
altew for more specific constnidton of control sequences at the ends of the gene 
The thirt Phase tested 4 different an^ngements of contml sequences for their ability 
to stably transfect the 03 ceH line. The arrangement .nth the fewest control 
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sequences that can stably traasfed the C3 cells was chosen as a preferred proviral 

vector. 

The retroviral vector pSW272 contains the reticuloendotheliosis virus (REV) 
long terminal repeats (LTR)s, and also the selectable marker thymidine kinase (TK) 
5 driven by its own promoter. The LTRs fe at the ends of the provirus. and can 
function as promoters. 

By itself. PSW272 is a stable architecture, stable in this case referring to the 
ab,l.ty to generate full length retrovirus with no intemal deletions from its genome 
The selectable marker is useful for titering retrovirus on TK" cells, but not helpful for 

10 transfecling the helper cells necessary to generate the retrovirus. 

Additionally, problems may arise when the expression vector is inserted into 
PSW272. and the entire construct is then transfected into the C3 cell fine. The 
structure of the construct then includes two intemal promoters. The 5' or left 
promoter (in this case the ovalbumin promoter) may be unstable in this environment. 

15 meaning retrovirus produced from cells transfected with such a construct experience 
frequent deletions in this region (Ememian and Temin. J. Virology 50(1) 4249 
(1984)). 

The same study provided evidence that a structural gene alone In that 
location is stable and can be expressed by the LTR. eliminating the need for a 

20 promoter. Since that gene can be virtually any structural gene, it can be the 
selectable marker. The C3 packaging cell line contains endogenous Tk activity and 
consequently it must be co-transfected with a plasmid conferring hygromydn B 
resistance. The gene encoding hygromydn B phosphotransferase was cloned into 
the retroviral vector to generate an improved architecture. 

25 The expression vector was then inserted at the unique Xba I site, resulting 

m a stable architectur«. elimination of the need for co-transfection and still enabHng 
the taratton of virus on CEF cells. 

Retroviral Vector Construction 
CoAslrvetfofi of p/?eVA A schematic illustrating the ccnslmcfion of the 
30 retroviral vector is set forth in Figure 3. The promoter and structural gene of 
lhym«l.ne kinase are carried on a 2 kb Xba I - Xma I fragment, both of which are 
unique in pSW272. pSW272 was digested with Xba I and Xma I. and the larger 
fragment (approximately 7 kb) recovered from a low melt gel. This fragment was 
ligated to a synthetic oligonudeotide containing 5 restriction sites. The resulting 
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Mr%cva. was confirmed by Cla I digestion i 

speclfical/ a „cond ouWrame ^ . " «™''"<i»>9 me slan codon. 
The ptesmi* „.™„ ^, „ 

^^^^^^^ 

« s,op codon. ,e™T,e ..I'T ^ t '° 

containing a Sea I site ih*. r . synthetic oligonucleotide 

^ gene. ™«„g a„„ . Aa, „ ^ '"^ 

0. -he pro™,,,,. A,. „ . „p, 3 rre:""' '°' """" 

"'M. p« w,3 ,ig„ted w«, aa 1 and Aa. I a™, ^ "'"^ 

35 *«l".Thedlses,onp,od„c,3we«Iir. ' . 

CB were ™ o„ a low nan gel. and ihe 5.5 «. Cla I Aal 
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n prod^. recover,, a.4 »5 Cla , Ad 1,1 produc. «<«e,ed. These DNA, 

recornhnaott were venlled by Bd I AK, M docbi. digestion and J ' 
T.e p,..d p.. „as ,.a,ed .e san,e wa. ^s^CHe p^^T 

H ine resulting four constructs contain aii fh« 

^0 po. A ..a, . _d Jar,'" r,:r.:r 

-he Sma , (Xma „ and Hind ,„ ^.s ,„ J 
.5 PREVA»asd,es,eda„b.e Sites: ,, «nd ,i,. and Aoc .» R,^ ' "^ 

.iitM «Wh,n tne MCS, and w«en llsated ,o »,e Nru . . Hind III tn,^ ,„ , , 

™i.c,*«ga«on,ras„ted»,desi,edpla8mid««i^ Tim. ahJT , 
P«*R«idp,.R '««'"!'■ Phsmds are called 

20 * P^"^ was used ,0 clone hysron,* B ph««,«™nate,as. 

'. Hmd 111. Acc 1.1 .ragmenls of pREVA. and ca»,d p. r 

The msettlon o( Ae expression rector into thes. - 

^ «. ^ed Xha I, dephospho,::.'!' Z Jl"^ 
-...n.,h.e.p,,.,»,„ recto, «,ach>,ra.„p„^,^J^.^.;^ 
• paCV*. was digesled ^h Xha , ar- Ihe , «, ^Lr^ ^Z 

a^™.. W»« Wed tolhe approphate reltoviral reCor PrcpL^t^ 
» "•'•"^"^Xb.ldSesSon.andonenu.ionwasch.^edX^ . 

me done nunr»ber. Fonnstance: p*+REi with nrom«.« »u . 

Rcv/««w * wth po^ adenylation in 

REV and with e)(pression vector in orientation 1 . ' 
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SPECIFIC EXAMPLE 3 - TRANSGENESIS 
Method 1 

Each of «„ ort,„u Bo„ ,„ , 

UansfeCM l«o m. C3 CI ft,., .to„., 
5 cone, .«> h, i„^„^ ,^ ^ 

for l„gr„T,ci„ oonM p™«,.|„, ^ .„ ^ 

r«lr.»ln«. which I, tehor m«.„w«. b, ™««on »d o, o.«rifu9,ll«, 

When . don. is found produdng high of Wad «al DNA, ™. a,e 
10 .n,.«.d ,s *««.d US. P«.„, fte. 5.162,2,5 and Bo„.l™n, RA. « al 
S*„c 243.533-535 (,969). h«.h ^crporafod ^ ^ ^ „ 

SPF .gg, a« obtained from SPAFAS (P,«ton, CT), and ,„,lntein«. a, 2a-C on on. 
«. for a, .as, 5 h^rs. Th. u-p of is p„ppe, »i,h ,0, ,^ 

""'"Th. Shall is »,„„p.„M with. dr.nn„mo,otooHl,«,w«h, steal burr 15. 
25 a solufcn crtaWng ,*o»n,s Is mfc,olni«ted b«»«h ,h. 

blas odann Th. .gg. a,, .aalad and lncub««, in a Humida*. »,cu«o, unb, 

natching. 

Ten days after hatching, blood is collected from the chicks, and assayed for 

thepresenceorvlralDNAlnthelrgenomesbySoamernblotandPCR. Allchickens 
20 are grown to maturity, at which tl,^. the eggs o, these *imer« chickens are tested 
or the presence of /l^alactosklase. and the rooster semen is tested for viral DNA 
by Southern blot. Semen posithre roosters are used to sire G2 chickens which are 
true heterozygous transgenic chickens. 

Metliod 2 

25 Th. 5 kb ins.n (Ih'. «p,«,io„ ^ of pBCV«« was llgatad to pREV4 or 

P*-. cut with Xba I, d.phosphon,h,«, and purtfed on a low n»n gd. Oones w«. 

irEt^.'"*""" -V^^^on 

30 d^rnataT^r*""'"'''''"' 

d«™..r) and grown o.an,igh. In DMEU w«h h^h glueos. «,pp,.™««, ^ ^. 

tOn-MHEPES. 7%ca»sen»„.400«,„.O.„a, ,00«fn„.«.„ic. 
5««h,^a,amphotencine,,,00u„,s*.p.„«„O.,00^,».„,^ 
^J,... 3 -C in ,0* CO,. Th. c«s war, ,r,„sf«,.d ^ 
Uf. Teo^n.^,^,, „ , ^ „, „ ^ ,^ , ^ ^ 

35 manufaclurars sp.dfea«ons. Attar 5 hours th. ,«nsf«tlon madlu^ was aspi,a,M 
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and replaced with 0.5 ml of DMEM wHh 7% calf serum, and HEPES. The medium 
^.as removed after 48 hours of incubation and used for microinjection or 
concentrated by ultrafiltration 20-fold with a filter with a 50 kd cut-off and used for 
microinjection. 

Newly laid fertilized SPF white leghorn eggs wem obtained ftom SPAFAS 
and ma.nta.ned on their side for at least 5 hours. A pentagonal shaped piece of 
Shell approximately 0.5 cm' was removed Intact from the topwTK,st portion of the egg 
usmga Oremmel mototool fitted with a steel cutter (part 113). The shell membrane 
was removed with an 18 gauge needle. Micropipettes were puOed on a Sutter puller 
tr-mmed with a razor Wade, and checked for diameter and tip angle under a 
microscope. 15 to 20 ^1 of medium was injected Into the subgerminal space using 
a Nanshige mioomanipulator (model MN-ISI) and microinjector (model IM-6) The 
hole was patched using donor membranes harvested from eggs in the same lot held 
briefly in PBS With penicillin G and streptomycin sutfate used at the concentrations 
15 stated above. The shell fragment was replaced on top of the donor membrane and 
a.r dned for 10 minutes. Duco cement was used to seal the edges, and air dried for 
at least 30 minutes. The eggs were then set in a Humidaire incubator (model 21) 
and hatched accorting to manufacturers specifications. 

Those skilled in the art can now appreciate fi^m the foregoing description that 
20 the broad teachings of the present invenUon can be implemented in a variety of 
fom^s. Therefore. whHe this invention has been described in connection with 
particular examples thereof, the true scope of the invention should not be so limited 
since other modifications will become apparent to the skilled practitioner upon a 
study of the drawings, specification and following claims. 

All patents and other publications cited herein are expressly incorporated by 
reference. 
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Sequence ID No. 1 
Xbo I Hco I J 
1 TCTftGACCAT GGftGCSGAGA n{inr,rtx,tt CTGGgJ^gAOMaEGCGG 

TPrmnrflT (\njrmj nr rnrnnAGc cTmsMrTT Trr^r nrrrn 

BnglEflTJLAATTGAGATfi TATRrmcr ^^ ftCTTCTGC CTGCTRT^r.^ 
.2°* 6tIIGgt6flLJIICmiX.a^^ CA CftTTCCAC flSrAR^Trr r 
251 CCfSjAl^TTrrfiTf^ftiajgJS m GTCAK^TG TA 

taAjA-jajAGAGATA ArflTTTcrj^ fiP^^nrArAT PTrirnTrtLr 

aaaAASCAGS-CAASflimiLA SflCTTTCTT ARTRKPyGAA ATflr,6aqr ^ 
AAGArGTHAT Taa^a^r^/^. ^Tf^ a<^^cAAA AAAflATrfli:T TGATflPrTCT 
^aiBTAGACA TCCAGCAAAA AAATAnATT TGCACTACCA TCTTGTCnA 
AGTCCTCAGA CTTGGCAAGB ABAATGTAGA TTTCTACAGT ATATATBHT 
TCACA.AAAGG AAGGAGAGAA ACAAAAGAAA ATGGCACTGA CTAAACTTCA 
BCTA5TGGTA TAGGAAA5TA ATTCT6CT TA ftCAGAGATTR rARTnaTp Tr 
TATG7ATGTC CTGAAGAATT ATGTTGTACT TTmCCCCC AHTTTAAAT 
CAAACAGTBC TTTACABAGG TCA6AATGGT HCTTTACTG TTTGICAAH 
CTATTATTTC AATACAGAAC AATAGCTTCT ATAACTGAAA TATAmGCT 
ATTGTATAn ATBATTGTCC CTC6AACCAT 6A ACACTCCT CCAGCTSAAT 
HCACA AnC CTCTGTCftTrj GCCA6S£C AJTAASTTATT CAT6GAAGA T 
■^niGAGGAACAgg^ ^ AACACAT TTB AAAHGASTA 
TTGTmCCA TTGTATGG^TGTniG C T6TATCCTC AGAA>AAAAb2 _ 
TTT6TTATAA AGCATTCACA CCCATAAAAA GATAGATHA AATftTr rrA^ 
CTATAGGAAA GAAAGTG^GT CTGCTCTTCA CTCTARTrTr ^ pTgr.rrrr 
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JHCACATGCfl iBCT TCTnA THCTrfTAT TTTRTrftflra Aaqj^f^^f^r^ 
TCAC6TCTTG TTCTCAriTA TGTCCTGCCT AGCATGGCTC ABAT6CACGT 



ACCATA6TAA TAAGCACACT AACTAATAAT TGCTAATTAT RTTTTrraT r 



TC^AAGGTTC CCACATTTTT CTGHnCTT AAAGATCCCA TTATCTGGTT 
GTAbCTEAAG CTCAATGGAA CATGAECAAT ATTirrrflRT rTTryf ;jrrr 
ATCCAACAGT CCTGftTGGAT TAGCAaAACA G6CAGAAAAC ACATTGHAC 
CCAGAATTAA AAACTAATAT TTG CTCTCCA TTCAATCCAA AATGGACCTA 
TTGAAACTAA AATCTAACCC AATCCCfiTTA AATGATTTCT |ff§GCGTCAA 
AGGTCAAACT TCTGAA6GGA ACCTGTGGBT BGGTCACAAT TCAGGCTATA 
TATTCCCCAG GGCTCASCCA GIGTCimt ^GdrA5|AA^iGCT^3T^(^ 
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WE CLAIM: 

1- A replicafion-defective retroviral vector comphsing: 
a) a transgene; and 

b, control elements operatively-linked to the transger^ and capable of 

5 e ~ " ""^^"^ ^^^"^ Wherein co 1 

5 elements co.pnse a promote, a 5' untrans^ted region and a s^nal se^uenc^ 

2. The vector of Claim 1. wherein the replication-defective retroviral 
vector is derived from REV-A. retroviral 



3. The vector of Claim L wherein the promoter is chosen from the group 

4. The vector of Claim 1. wherein the avian is a chicken. 

15 prdmoter. ''''''''' ^'''^'^'''''^^^^^^^^ 

7. The vector of Claim 5. wherein the enhancer comprises a steroid 
hormone response element. ° 

8. The vector of Claim 5. wherein the er^hancer is a viral enhancer. 

9. The vector of Claim 8. wherein the enhancer is a portion of SV40. 



20 



10. A replteatjon-defective retroviral vector comprising: 
a) a transgene; and 



b) control elements operatively-linked to the transgene and canahi» «f 

.a :rrr'~"-~-'° ^^^^^^ 
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11. The vector of Claim 10. wherein ihe replication-defective retroviral 
vector is derived from REV-A. 

12. The vector of Claim 10. wherein the promoter is chosen from the 
group consisting of the viteUogenin and apolipoprotein A promoters, and 

5 combinations thereof. 

1 3. The vector of Claim 1 0. wherein the avian is a chicken. 

14. The vector of Claim 10. wherein the control elements further comprise 
an enhancer. 



15. The vector of Claim 14. wherein the enhancer compnses a steroid 
10 hormone response element. 



16. The vector of Claim 14. wherein the enhancer is a viral enhancer. 

17. The vector of Claim 16. wherein the enhancer is a portion of SV40. 

18. A method for transferring a transgene to an embryonic chicken cell, 
comprising the step of Introducing a replication-defective retroviral vector into the 

15 cell, wherein the vector comprises the transgene and control elements operalively- 
linked thereto and capable of directing the synthesis of the transgene product in egg 
whHe. wherein the control elements comprise a promoter, a 5' untranslated region 
and a signal sequence. ' 



19. The method of Claim 18. wherein the replication-defective retroviral 
20 vector is derived from REVA 

20. The method of Claim 18. wherein the control elements further 
comprise an enhancer. 



21. The method of Claim 18. wherein the promoter is chosen from the 
group consisting of the ovalbumin, lysozyme, conalbumin and ovomucoid promoters! 
25 and combinations thereof. 
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22. The method of Claim 20. wherein thp ^nh,^^ 

hormone response element. ''""P"^"^ ' ''^'^'^ 

23. The method of Claim 20, wherein the enhancer . a .ra. enhancer. 

24. The method of Claim 2. wherein ,he enhancer is a portion of SV40. 

' compns^ ^^z::::^:^:^ - -'^-^ - 

ce... Wherein the vector co.,^Zl T 

linked th.r.,. . '"'^ ^^"^^ operatively- 

linked thereto and capable of directing the svnth^«i« .k . 

'0 s,„« ,„ ~' = region. , 

29. The method of Claim 27 wherein th» ««k 
•»nnon, «spons, ««™„,. ' " '""^ ' ^ 

« 30. Th.„«hodo,c«„„.^^ .ncerl.,„„,„„^, 

31. Th. m«nod ofca™ 30. ^ .„,.^, ^ , ^ ^ ^^^^ 
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32. A method for producing a .ransgente chicken comprising the steps of 
a) making an opening in a chicken egg which is arrested at stage X and 
which contains an embryo, so as to expose a t)lastodemi: 

5 th. H, "^""^ ^" to 

5 the blastoderm, a solution containing a rBp.ica.ion^efec«ve retroviral vector 

compns.ng a transgene and control elements operatK.ely-linked thereto and capable 

0 directing the synthesis of the transgene product in egg white, wherein ,he control 

elements comprise a promoter, a 5' untranslated region and a signal sequence; 

c) sealing the opening after microinjection; and 

^0 d) incubating the egg until the chicken is hatched from the egg. 

33. The method of Claim 32. wherein the replication-defective retroviral 
vector IS derived from REV-A. 

comprise an enhancer. 

15 35. The method of Claim 32. wherein the promoter is chosen from the 

group con8«tingoftheov^bumin..ysozyme.conaft>umin and ovomucoid promoters 
and combinations thereof. 



36. The method Of Claim 34. Wherein the enhancer comprises a sterow 
normone response element. 



20 



37. The method of Claim 34, wherein the enhancer is a ml enhancer. 

38. The method of Claim 37. wherein the enhancer is a portkin of SV40. 
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«■ The method of Claim 41 .. 
20 homton, response elemeni <h. enhancer comprises , steroM 
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